ABSTRACT Purposeful attraction and aggregation of adult Coccinellidae at target sites would be useful for sampling purposes and pest suppression. We field-tested 1) lures in yellow and black pyramidal traps and 2) pyramidal traps that had been painted one or two colors (without lures) to determine if lures or trap color affected capture of adult Coccinellidae. In only one experiment with lures did a single rate of limonene increase trap capture, whereas no other lure ever did. Yellow traps, regardless of using a lure, always captured significantly more lady beetles than black traps. When single-color red, orange, yellow, green, blue, purple, black, and white traps (without lures) were tested, yellow traps captured significantly more lady beetles. Of all species of Coccinellidae captured in these single-color traps, 95% were the exotic species Harmonia axyridis (Pallas) and Coccinella septempunctata L. H. axyridis alone dominated trap capture comprising 74.1% of all lady beetles. Two-color traps (yellow-green, yellow-orange, yellow-white, and yellow-black) never captured more than single-color yellow traps. These results demonstrate that yellow pyramidal traps can be used to purposefully attract, and when used without a collection device, possibly aggregate adult Coccinellidae at targeted field sites.
Predaceous Coccinellidae are important in natural and agricultural habitats (Völkl et al. 2007 ). Purposefully attracting these adult Coccinellidae is useful for sampling and possibly for pest control at targeted locations. Attraction of adult Coccinellidae has been studied using both semiochemical and visual cues. For instance, the semiochemicals studied include plant volatiles, prey alarm pheromones, and prey sex pheromones (Zhu et al. 1999 , Pettersson 2012 , Tavares et al. 2014 . When used alone, herbivore-induced plant volatiles such as methyl salicylate, (Z)-3-hexynyl acetate, and limonene have shown arrestant and attractant responses in adult Coccinellidae (Zhu and Park 2005 , Yu et al. 2008 , Alhmedi et al. 2010 , Gadino et al. 2012 , Leroy et al. 2012 , Pettersson 2012 . Stethorus punctum picipes Casey, however, was attracted to a mixture of methyl salicylate, cis-3-hexen-1-ol, and benzaldehyde (Pettersson 2012) . Bahlai et al. (2008) reported that Harmonia axyridis (Pallas) responded to volatiles from apple foliage over buckthorn foliage and also responded to buckthorn foliage naturally infested with soybean aphid, Aphis glycines Matsumura (Hemiptera: Aphididae). In Y-tube assays, Choate and Lundgren (2013) report that a significantly higher percentage of female Coleomegilla maculata (DeGeer) respond to fava bean, Vicia faba L., with exposed extrafloral nectaries than when the extrafloral nectaries are covered.
Regarding visual cues, adult Coccinellidae are commonly captured in the field when using yellow traps (Maredia et al. 1992 , Hoffmann 1997 , Mensah 1997 , Stephens and Losey 2004 , Hesler and Kieckhefer 2008 , Schmidt et al. 2008 , Galvan et al. 2009 , Gardiner et al. 2009 , Wang et al. 2011 , Gadino et al. 2012 , RodriguezSaona 2012 , Kaneko 2013 , Hoddle et al. 2013 . They also respond to yellow visual cues in laboratory assays (Mondor and Warren 2000, Adedipe and Park 2010) . Even when color choices are provided, more often than not, a greater response by most species of adult Coccinellidae is to yellow (Maredia et al. 1992 , Mondor and Warren, 2000 , Braman et al. 2003 , RodriguezSaona et al. 2012 . In most of those field studies, they used square or rectangular, yellow sticky traps with the surface area varying from 104 to 1,800 cm 2 . The sticky traps were usually suspended in the air and generally captured Coccinellidae that alighted on them.
Our interest was to quantify lady beetle response to semiochemical or visual cues via a trapping system with the future intent to modify the traps and use this system, if lady beetles responded, as a means to increase lady beetle abundance at a specific location, e.g., an orchard or garden. As in previous studies, a sticky trap (used with a semiochemical, a specific color, or both) could serve to quantify responding lady beetles but would prevent their further use. A system that attracts lady beetles but does not kill them is desirable. Previous research also indicated that the nonsticky Tedders pyramidal trap could serve as a tool to quantify lady beetle response (Braman et al. 2003, Tillman and Cottrell, 2012 ) and, with slight modifications, possibly increase lady beetle abundance on nearby plants.
The Tedders cross-vane, pyramidal trap was originally developed to intercept adult pecan weevil, Curculio carya (Coleoptera: Curculionidae), emerging from soil and moving to trunks of pecan trees [Carya illinoinensis (Wangenh.) K. Koch] (Tedders and Wood 1994) . This trap design, made from various materials and painted various colors, has since been used as a sampling device, or has detected numerous species of Coleoptera (Anthribidae, Brentidae, Buprestidae, Carabidae, Cerambycidae, Curculionidae, Chrysomelidae, Cleridae, Coccinellidae, and Trogositidae; Tedders et al. 1996 , Prokopy et al. 2000 , Bloem et al. 2002 , Braman et al. 2003 , Mizell et al. 2007 , Lamothe et al. 2008 , Epsky et al. 2009 , Tillman et al. 2010 , González-Gaona et al. 2010 , Tillman and Cottrell 2012 and several species of Hemiptera (Pentatomidae; Mizell and Tedders 1995 , Cottrell et al. 2000 , Leskey and Hogmire 2007 , Tillman et al. 2010 in various habitats. In contrast to the relatively small sticky traps used in previous studies to sample Coccinellidae, these cross-vane pyramidal traps have a surface area of 1.3 m 2 and are not coated with an adhesive but rather use the pyramidal design to funnel upward climbing beetles into a collection device. The Tedders trap sits on the ground and is thus accessible to crawling and flying insects.
Our objective was to examine the effects of possible semiochemicals and surface color(s) on field capture of Coccinellidae in Tedders pyramidal traps. For the semiochemical assays, attractant lures were used to bait yellow or black traps; for the surface color assays, both cross vanes of the trap were painted the same color or each cross vane was painted a separate color.
Materials and Methods
Study Site. All assays were completed at the 485 ha USDA, ARS, Southeastern Fruit and Tree Nut Research Laboratory, Byron, GA, USA (32.657792, À83.738358). The majority of this research facility is composed of pecan orchards (Carya illinoinensis), stone fruit orchards (Prunus spp.), pine and oak woodlands, and open fields.
Pyramidal Traps. Tedders Traps. The crossvane, pyramidal base for the traps was as originally designed by Tedders and Wood (1994) with modifications to the collection device atop the base as described by Cottrell and Horton (2011) . This collection device consists of a 2.84-liter clear polyethylene terephthalate jar (United States Plastic Corp, Lima, OH) on top of a 1.22-m-tall base formed by two panels (i.e., cross vanes) made of Masonite fiberboard Tedders 1995, Cottrell et al. 2000) . The bottom width of each panel was 54 cm and narrowed to 6 cm at the top. An insecticidal ear tag (SaberExtra, Coppers Animal Health Inc., Kansas City, KS) was placed in the plastic jar to kill captured insects (Cottrell 2001) . The active ingredients in the ear tag were lambda-cyhalothrin (10%) and piperonyl butoxide (13%). These traps were secured to the ground within an area of closely mowed vegetation.
Cross-vane panels were first painted with white latex primer (Kilz 2 Latex, interior/exterior, Masterchem Industries, Imperial, MO), allowed to dry, and then painted with two coats of red, orange, yellow, green, blue, purple, white, or black latex paint (Valspar paint, semi-gloss neutral base, The Valspar Corporation, Wheeling, IL).
Whalon-Modified Tedders Traps. These cross-vane, pyramidal traps retain the same design of the Tedders trap but the base panels are made of black, corrugated plastic and the edges of the vanes are outlined with a white, adhesive tape (Whalon-modified Tedders pyramid trap, Great Lakes IPM Inc., Vestaburg, MI). When used in the current study, an all-black trap was needed, so the white adhesive tape was removed and the collection device, as described earlier, was attached to the top of the black pyramidal base.
Whenever insect samples were taken from a collection device, they were transferred to a labeled and dated, 250-ml Nalgene bottle and transported to the laboratory. Specimens were identified with the aid of a dissecting microscope, when needed. Data were recorded for all Coccinellidae and voucher specimens of Hyperaspis spp. and Scymnus spp. were retained.
Lures. Three commercially available lures were used: Predalure (AgBio, Westminster, CO), Monterey Lady Bug Attractant (Lawn and Garden Products, Inc., Fresno, CA), and SpringStar Lady Bug Lure (SpringStar Inc., Woodinville, WA). Predalure is a methyl salicylate-based lure to which some species of Coccinellidae respond (Rodriguez-Saona et al. 2012 , Gadino et al. 2012 . The purported attractants in the Monterey lure are stated to be food-grade flavoring and fragrance components without further details and similarly the SpringStar lure is only described as a nontoxic, colorless liquid having a citrus and herbaceous odor. The latter two lures were included due to the prevalence with which they are commercially advertised as attractants for Coccinellidae.
In a separate study, limonene (D-Limonene [CAS Registry number ¼ 5989-27-5], MP Biomedicals, LLC, Solon, OH) was evaluated in the field as an attractant. These lures were prepared similarly as by Cottrell and Horton (2011) by pipetting desired limonene doses (40, 80, and 160 ll) into the opening of rubber septa (11 mm natural, red rubber sleeve stoppers, Wheaton, Millville, NJ), holding septa upright in a laboratory rack, and allowing septa to absorb the pheromone at room temperature. These newly prepared lures were stored in glass jars with a metal lid at À20 C until used in experiments.
Lure Assays. Yellow and Black Tedders Traps. Treatment traps were either yellow or black and each was baited with one of the three commercially available lures or none. Each of the eight trap color Â lure combinations was randomly assigned to a position within a linear alignment of traps and this constituted a replicate. All traps within a replicate were spaced equidistant with spacing between traps ranging from 17-23 meters (Table 1) . Six replicates were used and all occurred within mature pecan orchards. All replicates were separated by at least 400 m. Traps were sampled weekly from 30 August through 28 September 2012. The study was repeated from 1 May through 29 May 2013 using a similar spacing of traps within and between replicates. An exception was that replicates were located along edges of both pine and oak woods and pecan or peach orchards.
Whalon-Modified Tedders Traps. These black, corrugated plastic traps were used similarly as were Tedders traps. Four traps were aligned 33.5 m apart within a replicate. The three commercially available lures (as previously described) and an untreated control were randomly assigned to traps (Table 1) . These treatments were replicated six times all within the same pecan orchard. Replicates were spaced at least 45 m apart. Traps were baited with lures 22 May 2013 and then sampled weekly through 19 Jun 2013.
Trap Spacing Experiments. Only black Tedders traps, as previously described, were used to test the effect of spacing the treatments at different distances. In the first experiment, four traps were aligned 23.1 m apart and in a separate but concurrent second experiment the four traps were aligned 46.2 m apart (Table 1) . Each experiment consisted of three replicates and within each replicate the three lure treatments and an untreated control were randomly assigned to the four traps. Replicates were located along the edges of pine and oak woods and pecan and peach orchards. Both experiments started on 10 June 2013 and traps were sampled weekly through 8 July 2013.
Limonene Lures. Limonene lures (40, 80, and 160 ml treatments) and an unbaited control were tested separately in black and yellow Tedders traps using four replicates for each trap color. Traps within a replicate were spaced 23.1 m apart (Table 1) . Limonene lure treatments were randomized within each replicate and the replicates were spaced at least 400 m apart. This test was done from 22 August through 19 September 2014. Lures were replaced and lady beetles collected each week. Lures used during weeks 2 to 4 of this test (i.e., 29 August to 5 September, 5 to 12 September, and 12 to 19 September) were weighed (Mettler AE260 Delta Range, Mettler-Toledo, Inc., Columbus, OH) immediately before and after deployment in traps to determine a limonene release rate for the 7-d period lures were in the field.
Limonene lures were similarly tested again from 19 September through 17 October 2014, with the exception that limonene lures were replaced every Friday, Monday, and Wednesday. Lures used in this test were not weighed.
Trap Color Studies. One-Color Study. Tedders traps painted red, orange, yellow, green, blue, purple, black, and white were used in this study. The translucent collection device atop each trap was not painted. Within a replicate, traps, one of each color, were aligned 23.1 m apart along the edges of pine and oak woods and pecan and peach orchards (Table 1) . Trap colors were randomly assigned to positions within each of the six replicates. Traps were placed in the field on 23 July 2012 and sampled weekly through 02 August 2013.
Two-Color Study. Tedders traps were made by painting each of the cross vanes a different color, such that each half of the trap was a different color. Color combinations included: yellow-green, yellow-orange, yellow-white, and yellow-black. In addition, single color traps were used as treatments: orange, yellow, green, white, and black. Trap colors were randomly assigned to positions within each of the six replicates. Within a replicate, traps were spaced 23.1 m apart and replicates were at least 400 m apart (Table 1) . Replicates were located along the edges of pine and oak woods and pecan and peach orchards. Traps were placed in the field on 3 September 2013 and sampled weekly through 29 October 2013.
Trap Size Study. This study compared trap capture in the standard Tedders trap (surface area ¼ 1.3 m 2 ) painted yellow with trap capture in larger and smaller traps. Large and small bases were made using the same basic design as the standard Tedders trap. Small bases were 24 Â 53 cm (base Â height) with a surface area of 0.25 m 2 and large bases were 82 Â 166 cm (base Âheight) with a surface area of 2.7 m 2 . The top of the pyramid is not a point but flat and is thus reflected in area measurements. Although bases varied in size, the same collecting device, as previously described, was used for the different base sizes. Traps were aligned 23.1 m apart with trap size randomly assigned to one of three positions within each of the six replicates (Table  1) . Replicates occurred along the edges of pine and oak woods and pecan and peach orchards and were separated at least 250 m apart with woods or orchards between replicates. Traps were placed in the field on 12 September 2013 and sampled weekly through 07 November 2013. Statistical Analyses. Although data were collected weekly from all experiments, cumulative data for the entire sampling period of each experiment was submitted to an analysis of variance (ANOVA; SAS Institute Inc 2014). When commercially available lures were tested in yellow and black traps, a two-way ANOVA was used to examine the interaction of trap color Â lure and the main effects. One-way ANOVA was used to examine effect of lures (commercially available lures and limonene lures) when only black traps were used and when the spacing between black traps was different. In addition, one-way ANOVA was used to separately examine the effect of trap color and trap size on lady beetle capture. When data were small and some observations were 0, the square root transformation was used before analysis (Zar 1999) . Nontransformed data are reported. If a significant effect was detected (P < 0.05), mean separation was done using Tukey's honestly significant difference (HSD) test. Simple linear regression was used to develop a prediction model characterizing limonene dispensed from lures after 7 d in the field.
Results
The only species of Coccinellidae captured in traps during all assays were as follows: Chilocorus stigma (Say), Coccinella septempunctata, C. maculata, Cycloneda munda (Say), H. axyridis, Hippodamia convergens Guérin-Méneville, Hyperaspis spp., Olla v-nigrum (Mulsant) and Scymnus spp.
Lure Assays. Yellow and Black Tedders Traps. -When commercially available lures were tested with black or yellow Tedders traps, there was no interaction of trap color with lure, regarding combined capture of all lady beetle species, during 2012 (F ¼ 1.44; df ¼ 3, 47; P ¼ 0.2468) or during 2013, although it approached statistical significance (F ¼ 2.75; df ¼ 3, 47; P ¼ 0.0571). Lures had no effect on trap capture during 2012 (F ¼ 1.04; df ¼ 3, 47; P ¼ 0.3864) or 2013 (F ¼ 2.36; df ¼ 3, 47; P ¼ 0.0887). However, trap color did affect trap capture in 2012 (F ¼ 37.49; df ¼ 1, 47; P < 0.0001) and again in 2013 (F ¼ 359.36; df ¼ 1, 47; P < 0.0001; Fig. 1A and B) .
Whalon-Modified Tedders Traps and Trap Spacing Experiments. When lures were tested in all black corrugated plastic traps, i.e., Whalon-modified Tedders traps, no difference in trap capture (all species combined) was found between treatments (F ¼ 1.54; df ¼ 3, 23; P ¼ 0.2443; Fig. 2A) . Similarly, when lures were tested in all black Tedders traps with treatments spaced 23.1 or 46.2 m apart (within a replicate), no difference was detected in trap capture (all species combined; F ¼ 0.68; df ¼ 3, 11; P ¼ 0.5952 and F ¼ 1.57; df ¼ 3, 11; P ¼ 0.2925, respectively; Fig. 2B and C) .
Limonene Lures. The lures containing different amounts of limonene (40, 80, 160 ml and an unbaited control) that were used in black or yellow Tedders traps and replaced weekly did not significantly affect trap capture (all species combined; F ¼ 0.14; ¼ 3, 15; P ¼ 0.9359 and F ¼ 1.38; df ¼ 3, 15; P ¼ 0.3113, respectively; Fig 3A) . The amount of limonene (g) dispensed from the lures over 7 d in the field is predicted by the equation:
y ¼ À0.474177 þ 0.7657951(b i ), where y ¼ limonene dispensed and b i ¼ beginning weight of a septum þ limonene. The parameter estimates for the intercept and b i were highly significant (t ¼ À12.44; df ¼ 1, 71; P < 0.0001 and t ¼ 14.09; df ¼ 1, 71; P < 0.001, respectively) and R 2 ¼ 0.74 (Fig. 4) . When this experiment was done again, but lures were changed three times per week, there was a significant treatment effect when using black traps (F ¼ 5.80; df ¼ 3, 15; P ¼ 0.0173) with significantly more lady beetles captured when lures started with 80 ml of D-Limonene than any other treatment (Fig. 3B) . D-Limonene did not affect capture of lady beetles when using yellow traps (F ¼ 0.66; df ¼ 3, 15; P ¼ 0.5987; Fig. 3B ).
Trap Color Study. When different color traps were sampled for 12 mo, significantly more lady beetles (all species combined) were captured in yellow traps than any other color tested, more lady beetles were captured in white traps than in blue, purple, and black traps, and more lady beetles were captured in green traps than in black traps (F ¼ 12.45; df ¼ 7, 47; P < 0.0001). No difference was detected in capture of lady beetles (all species combined) in red, orange, blue, purple, or black traps (Fig. 5A) . Of the total number of lady beetles captured during this study, 95% were the exotic species H. axyridis and C. septempunctata. H. axyridis alone dominated trap capture, comprising 74.1% of all lady beetles. Not surprisingly, capture of exotic species was similar to capture of all lady beetles; significantly more were captured in yellow traps than any other color and more were captured in white traps than in black traps (F ¼ 11.77; df ¼ 7, 47; P < 0.0001; Fig. 5B ). Although captured in much lower numbers, native species were similarly captured in yellow and green traps. Capture in yellow traps was higher than traps of all other colors except green and capture in green traps was higher than all colors except yellow, white, and orange (F ¼ 9.43; df ¼ 7, 47; P < 0.0001; Fig. 5C ). Table 2 presents the mean number of each species captured in each color of trap over the course of this assay and further emphasizes the disparity in abundance of native and exotic species of Coccinellidae captured in these traps.
When exploring trap capture of lady beetles (in only yellow and white traps) across the year, more native lady beetles were captured more often in yellow than white traps. These captures occurred throughout the year but sporadically during winter and early spring (Fig. 6A) . The exotic C. septempunctata favored yellow traps, with peak captures of this species occurring during August-September and May-June. (Fig. 6B) . In contrast, capture of H. axyridis in yellow and white traps varied by season. During spring, summer, and fall when H. axyridis is expected to forage, most captures were in yellow traps. However, beginning in late October when H. axyridis begins seeking overwintering sites, most were captured in white traps. Photoperiod (hours per day) and weekly temperature ( C, maximum and minimum) during the study are provided (Fig. 6B and C). Higher capture in white than yellow traps continued into late January-February when the trend began switching back to yellow (Fig. 6C) . Except for one week in late December, adult H. axyridis were captured in traps in the field all year. When both cross vanes of a trap were painted the same color or each of the two vanes was painted a different color, capture of lady beetles (all species combined) was significantly different (F ¼ 4.36; df ¼ 8, 53; P ¼ 0.0008). More were captured in the green-yellow traps than in the white or black traps and more were captured in the orange and yellow-orange traps than in the black traps. No difference was found in trap capture for two-color traps and the orange, yellow, or green single-color traps (Fig. 7A) . Based on the high percentage of exotic lady beetles comprising trap capture, the capture trend of exotics was also significantly different for these traps (F ¼ 4.33; df ¼ 8, 53; P ¼ 0.0008; Fig. 7B ); more were captured in orangeyellow and green-yellow traps than in white or black traps. Trap capture of native lady beetles in these traps was not significantly different (F ¼ 1.88; df ¼ 8, 53; P ¼ 0.0913; Fig. 7C ).
Trap Size Study. Trap size was shown to significantly affect capture of lady beetles (all species combined; F ¼ 9.40; df ¼ 2, 17; P ¼ 0.0050). Fewer lady beetles were captured in the small trap, as might be expected, but no difference was found in numbers captured in large and standard Tedders traps (Fig. 8) when the surface area of the large trap was twice that of the standard trap.
Discussion
Purposeful attraction or aggregation of predaceous lady beetles in the field would most likely be accomplished using a yellow object as opposed to a semiochemical. Overall, the semiochemicals we tested were ineffective attracting lady beetles. Two of the lures tested (Monterey Lady Bug Attractant and Springstar Lady bug Lure) were selected due to their availability and because no literature was found regarding their effectiveness. The other lure used in the current study, i.e., Predalure, contains methyl salicylate, which has been used in earlier studies and shown to be attractive to Coccinellidae Park 2005, Gadino et al. 2012) . In agreement with our results, Sedlacek et al. (2009) baited sweet corn plots with lures containing 2-phenylethanol and found that these plots did not have significantly more C. maculata than plots without lures. Although other studies have documented an effect of lures on capture of lady beetles, the present study only documented a significant difference in trap capture when limonene lures were used with black Tedders traps and when those lures were changed three times per week. No difference was ever detected between any of the commercial lures and controls. This was true whether the traps were painted black or yellow, constructed from Masonite fiberboard or corrugated plastic, spaced 23.1 or 46.2 m apart, or placed inside or outside of orchards. Wang et al. (2011) also report that surface texture of traps did not affect capture of H. axyridis.
It may be possible that increasing the number of commercial lures per trap could increase lady beetle attraction by increasing the effective range of the lure. However, we addressed this issue with the dosages of limonene used in lures but, at best, our results indicate that additional testing is needed. Further, concerning the effective range of lures, lady beetles in this study may have used visual cues to decide to alight on traps long before they flew within the effective range of the lure, thus negating any possible influence of the lure in decision making. Alternatively, the possibility exists that placing the treatments closer together, as when only black traps were used, would have allowed the lady beetles to discriminate between the lure treatments before alighting on traps.
It was expected, based on previous studies, that trap color would affect capture of lady beetles (Maredia at al. 1992 , Udayagiri 1997 , Mondor and Warren 2000 , Rodriuez-Saona 2012 . When single-color traps were used in the current study, yellow captured more lady beetles. The wavelength of yellow light is about 550-580 nm. Colors with wavelengths just above (i.e., orange; about 590-640 nm) and below (i.e., green; about 490-530 nm) yellow were lower in trap capture. White traps were attractive to H. axyridis during the fall and winter when seeking overwintering sites. Therefore, attraction of adult lady beetles during the growing season should be directed toward exploiting their behavioral tendency to move to a yellow object. With this in mind, it will be important to consider the factors affecting attraction to a yellow object such as size of the object and time of year, as documented here. Although not tested here, visibility, prey availability, habitat, and the coccinellid species of interest will likely be significant factors. All species of predaceous Coccinellidae present in an area may not be attracted to a yellow object. For example, the capture of lady beetles in traps during this study is not necessarily indicative of the number of species or the abundance of individuals (within a species) in the various habitats comprising this region. Most species reported to occur within this region (Gordon 1985) were not sampled during this study. The data presented here represent only those species that were amenable to dispersing across the landscape and moving to, or being intercepted by, the traps used. Even some of the species captured during this study may be influenced by food availability within habitats and across seasons, thus impacting their capture in traps. Available prey could negatively impact trap capture as shown when Hoddle et al. (2013) found more Rodolia cardinalis (Mulsant) (Coleoptera: Coccinellidae) on yellow sticky cards (104 cm 2 ) placed on plants infested with Icerya purchasi Maskell (Hemiptera: Margarodidae) than on nearby nonhost plants without I. purchasi. This indicates that the yellow card did not draw R. cardinalis away from available food.
With regard to the efficacy of any particular sampling method for a species or group of similar species, studies can generally find one method that is better than others. In the current study, it is doubtful that other sampling methods would have revealed substantial differences regarding the species captured within the habitats we sampled because in an earlier study at this location, Riddick and Cottrell (2010) sampled lady beetles with sweep nets along line transects and found the same coccinellid species (with the exception that in the current study a single adult C. stigma was captured). It is worth noting that Riddick and Cottrell (2010) also showed that the two exotic species (i.e., H. axyridis and C. septempunctata) outnumbered all native species combined. When a grain sorghum, Sorghum bicolor (L.) Moench spp. bicolor, trap crop near cotton, Gossypium hirsutum L., was sampled, Tillman and Cottrell (2012) reported the capture of the same coccinellid species regardless of whether plants were sampled with a drop cloth, visually searched, or coccinellids were captured in yellow Tedders traps. Schmidt et al. (2008) used four different sampling methods to sample natural enemies in soybean with yellow sticky traps always capturing more individuals of any coccinellid species than any other sampling method. Similarly, Stephens and Losey (2004) also found higher cumulative capture of Coccinellidae on yellow sticky cards than using visual searches or sweep net sampling in alfalfa.
The pattern of seasonal capture of native Coccinellidae and the exotic C. septempunctata was similar, whereas the seasonal capture pattern of the exotic H. axyridis capture differed. Although H. axyridis is reported to seek light-colored overwintering sites (Obata 1986 , Wang et al. 2011 ; but see Nalepa et al. 2005 for an alternative explanation) such as natural cliff formations and buildings, the switch from yellow to white traps in the field, away from overwintering sites, was somewhat unexpected given the relative small surface area of these traps as compared with the size of expected overwintering macrosites (Nalepa et al. 2005 , Wang et al. 2011 . However, there is precedence to capture H. axyridis in white traps away from overwintering sites as Obata (1986) stated (via his personal communication with Z. Yamashita) that insect traps using "color-boards" in a forest sampled throughout the year captured "many individuals of H. axyridis" in the white trap during late autumn. Studies have previously examined capture of migrating H. axyridis in traps painted different colors. For example, Obata (1986) set up green, red, yellow, white, and black boards (91 Â 182 cm) near natural overwintering sites and documented more H. axyridis on white boards followed by more on yellow than the remaining boards. In agreement, Wang et al. (2011) examined migration and aggregation behavior of H. axyridis (from 11 September to 10 October) in a mountainous region of northeast China and found that significantly more H. axyridis were captured in traps painted white than yellow or black. Our data, collected away from overwintering sites, agree with both of those studies.
We suspect that after landing on white traps, H. axyridis in our study would have soon left if not trapped (i.e., the pyramidal base is not suitable for overwintering). Nalepa et al. (2005) suggest that migrating H. axyridis may explore sites with a contrasting linear profile even if the object is inappropriate for overwintering. Additionally, Wang et al. (2011) report that H. axyridis were attracted to residences in villages but soon left to migrate to natural overwintering sites at higher elevations.
It was not surprising that surface area affected trap capture. However, the fact that capture was similar in both the standard Tedders trap and in the large trap, with twice the surface area, was unexpected. The increased height of the larger trap could have been surmised to also increase visibility of this trap from a distance but, if so, it did not increase capture and may indicate that the effective range of the two traps was similar. The smaller trap was only 0.20 and 0.09Â the surface area of the standard and large Tedders traps, respectively, but captured 2.6 and 2.7 Â fewer lady beetles, respectively. It is possible that raising the smaller trap off the ground, by suspending it, would increase trap capture. Rodriguez-Saona et al. (2012) found increased capture of Coccinellidae on yellow sticky traps that had been raised 0.5 and 0.9 m above the crop canopy as opposed to being raised 0.1 m.
In summary, the scale at which semiochemicals in lures, as tested here, may affect capture of lady beetles is likely too small to be effective in attracting lady beetles from significant distances. Yellow pyramidal traps, however, do attract some lady beetle species and, when using them without the collection device, i.e., using the pyramidal, cross-vane base alone, may allow for purposeful aggregation of adult Coccinellidae at target locations. As lady beetles move from the pyramidal base to the target crop, pest predation could occur earlier than would have occurred and result in pest control. This attraction system would appear to be suitable for many horticultural and agricultural crops and any number of modifications could be made to the pyramidal base allowing adult lady beetles to crawl directly to the target plant. We are currently assessing lady beetle and aphid density on pecan trees when one or more yellow pyramidal bases are placed near a pecan tree such that the base and pecan limbs are connected via a short piece of rope thus allowing lady beetles direct access from the pyramidal base to foliage where aphids occur.
